Abstract. Data on 393 002 parturitions and performance in the following production cycle were collected from the SYMLEK database for 145 457 Polish Holstein-Friesian cows representing the active population in the Pomorze and Kujawy regions. The animals first calved during 2000-2012 and were used or culled by the end of 2013. GLM and FREQ procedures of the SAS package were used for the statistical calculations. The frequency of twin and triplet births depended on the cow's age (0.64 % in primiparous and 2.88 % in multiparous cows), calving season (1.79 % in winter, 2.41 % in summer), previous lactation milk yield (increase of 2.15 to 3.73 % with increasing milk production level), and year of calving of primiparous cows (increase from 0.43 % during 2000-2003 to 0.78 % during 2010-2012). Dams of twins were superior to dams of singles in terms of milk yield, but a significant difference was manifest only in multiparous cows. Despite the higher perinatal mortality of the twins and triplets (especially those born to primiparous cows), multiple pregnancy resulted in a greater number of calves born compared to single pregnancy. A negative effect of multiple pregnancies was a decrease in fertility, especially in multiparous cows (e.g. calving interval was longer by 18 days, reproductive rest period by 9 days, and service period by 10 days, while services per conception increased by 0.15). In addition, twin pregnancy (especially in heifers) and triplet pregnancy (especially in cows) considerably decreased chance of survival until the next calving.
Introduction
In female cattle (Bos taurus), multiple pregnancies are relatively rare and result in the birth of more calves, most often two (Komisarek and Dorynek, 2002) . The natural frequency of twin parturitions in cattle ranges from 0.5 to 4 % depending on many genetic and environmental factors (Fricke, 2001; Fitzgerald et al., 2014; Sawa et al., 2012) . Echternkamp and Gregory (2002) obtained around 50 % of multiple pregnancies after selecting cows for increased frequency of multiple ovulations between 1981 and 2001. Holstein-Friesian is among the breeds considered more likely to experience multiple ovulations (Fitzgerald et al., 2014) .
Issues related to multiple pregnancies in dairy cattle are important for both veterinary and zootechnical practice, and also have an economic aspect. Therefore, the available literature includes works that are diagnostic, clinical, and breeding in nature. However, opinions concerning twin pregnancy in dairy farming are divided. Most often attention is given to the negative consequences of twin pregnancy, because economic profit does not increase despite the greater number of calves born, and because twin births often involve costs (De Rose, 1991) associated with placental retention, metritis, longer service period and calving interval, ketosis, higher calf mortality, lower birth weight of calves, greater incidence of pregnancy loss, smaller number of fertile heifers for herd replacement, and decreased milk yield (Echternkamp and Gregory, 1999a; Fitzgerald et al., 2014; Nielen et al., 1989) . Reduced milk yield may account for 40-52 %, and increased calf mortality for 18 %, of all costs associated with multiple pregnancy (Beerepoot et al., 1992; Echternkamp and Gregory, 1999a) .
The objective of the study was to analyse the effect of single and multiple pregnancies on the milk and reproductive performance of primiparous and multiparous cows, based on extensive material obtained from performance testing of cows in the Kujawsko-Pomorskie province (around 10 % of the national population of performance-tested cows).
Material and methods
Material for the study was collected from the SYMLEK database and provided information on 393 002 parturitions as well as milk and reproductive performance in the following production cycles of 145 457 Polish Holstein-Friesian cows representing the active population in the Pomorze and Kujawy regions. The animals first calved during 2000-2012 and were used or culled by the end of 2013. Analysis of variance (SAS, 2013; SAS Institute Inc., Cary, NC, USA) was used to determine the effect of type of birth (single, twin, triplet) on subsequent milk performance (days of milking, kilograms of milk), reproductive performance (calving interval, reproductive rest period, service period, number of inseminations, first insemination success), and number of calves born alive. Significant differences were analysed with the Scheffe test (SAS, 2013) . The proportion of primiparous and multiparous cows surviving until the next calving was also calculated in relation to the type of birth (single, twin, triplet) .
A chi-square test of independence (SAS, 2013) was used to analyse the frequency of single, twin, and triplet births depending on -age (heifer, cow); -season of calving (March-May, June-August, September-November, December-February);
-for cows, milk yield in the previous lactation (< 6000 kg, 6000-7999 kg, 8000-9999 kg, and ≥ 10 000 kg milk);
-for heifers, age at first calving (< 24 months, 24-28 months, > 28 months) and year of calving (2000-2003, 2004-2006, 2007-2009, and 2010-2012) .
The chi-square test of independence (SAS, 2013) was also used to determine the effect of type of birth (single, twin, triplet) on the course of calving (calving ease), coded by SYMLEK as follows: unassisted (natural, without human intervention), easy assist, difficult assist (requiring higher than normal force), and dystocia (surgical intervention, injury to the cow or calf, embryotomy, caesarean section).
Results and discussion
During the period under analysis, twin births accounted for 2.03 % and triplet births for 0.01 % of all calvings in the studied population (Table 1) . Studies conducted in Poland indicate that twins account for 1 to 4 % of calves born (Kuźma and Kuźma, 1994; Sawa et al., 2012; Skrzypek et al., 1989) . In a North American study of 1.3 million calvings, twin pregnancies accounted for 5 % (Johanson et al., 2001 ). According to Des Coteaux et al. (2010) and López-Gatius and Hunter (2005) , twin pregnancies are estimated to form about 10 % of all pregnancies in dairy cattle, but are much less frequent in beef cattle. Among the experimental factors, the age of cows had the strongest effect on the incidence of multiple pregnancies (Table 1) . Like in the studies by other authors (Gregory et al., 1990a; Hossein-Zadeh et al., 2008; Komisarek and Dorynek, 2002; Sawa et al., 2012; Silva del Río et al., 2007) , we showed multiple pregnancies to be much more frequent in multiparous cows than in heifers. Each successive lactation increases the probability of multiple ovulations (Fricke, 2001) , and the number of twin births increases linearly with the frequency of double ovulation (Fricke and Wiltbank, 1999; Ryan and Boland, 1991) . The incidence of twin pregnancies increases from 1 % for primiparous cows to around 10 % in successive lactations. Twin pregnancies show the highest increase between the first and second lactation, after which their incidence increases to a lesser extent (Fricke, 2001) . The reason for the smaller number of twin births in primiparous cows is an underdeveloped uterus, which increases embryo mortality. Total uterine area in heifers and young cows is insufficient to maintain several embryos (Grunert et al., 1999) . Attention is also drawn to the fact that heifers show increased mortality of one of the fetuses in multiple pregnancy, due to the increased protein and energy requirement from the still-developing body of the dam and twin fetuses (Kuźma and Kuźma, 1994) .
Analysis of the incidence of multiple pregnancies depending on the season of calving showed that they were most frequent in summer (2.41 %), followed by spring (2.04) and autumn (1.79). Other authors (Frick, 2001; Gregory et al., 1996; Komisarek and Dorynek, 2002; Silva del Río et al., 2007) have also reported that a high proportion of twin births take place during the spring and summer months. Better quality of feeds offered in the autumn and optimum temperature (absence of heat stress) contribute to multiple ovulations in the cows. A US study showed the frequency of twin births to be 8.3 % from April to June, 9.7 % from July to September, 5.2 % from October to December, and 2.3 % from January to March (Silva del Río et al., 2006) . Other studies reported most multiple births to occur between April and September in the Netherlands (Nielen et al., 1989) and between May and July in Saudi Arabia (Ryan and Boland, 1991) .
The proportion of multiple pregnancies was found to increase significantly (P ≤ 0.01) with the increasing production level of the cows. Higher milk yield is conducive to double ovulations, which, in turn, affects the incidence of twin pregnancies (Max, 2011) . In cows with high milk yields, double ovulation is 3 times as frequent as in animals with medium and low milk production levels (Fricke and Wiltbank, 1999) . Multiple ovulations in high-yielding cows is caused by intensive feeding (Fricke, 2001 ). According to Komisarek and Dorynek (2002) and Fricke and Wiltbank (1999) , high-energy feeds offered in the first stage of lactation contribute to double ovulations. This is likely associated with increased production levels of the active population, because the milk yield of primiparous cows that calved in 2000 was 5969 kg compared to 8215 kg for primiparous cows that calved in 2012. According to Des Coteaux et al. (2010) and López-Gatius and Hunter (2005) , there is a positive correlation between milk yield and frequency of multiple pregnancies. An analysis of 91 008 calvings from 1974 to 1985 by Stolzenburg (1988) showed that twins were born much more frequently in the HolsteinFriesian compared to the Black-and-White breed.
Analysis of the present results shows a non-significant tendency for the proportion of twin pregnancies to increase with the older age of the heifers at first calving. Our results demonstrate that single pregnancy was around 2 days shorter in heifers than in cows, whereas twin pregnancy was 276 days regardless of cow's age (Table 2) . When analysing the production efficiency of Montbeliard and Polish Holstein-Friesian cattle, Gołębiewski (2010) concluded that heifers were characterized by a shorter duration of pregnancy than cows.
In heifers, the duration of twin pregnancy was 2.8 days shorter, and that of triplet pregnancy was 3.3 days shorter than single pregnancy length; in cows, these values were 4.6 and 6.3 days shorter, respectively (Table 2 ). These results conform to the findings of other authors who reported that the duration of pregnancy in cows expecting twins is predicted to be shorter by 5 to 7 days (Echternkamp and Gregory, 1999a; Kirkpatrick, 2002) . The shorter duration of pregnancy is probably the main reason for the low birth weight of twin calves (Gregory et al., 1996) . The shorter duration of twin pregnancy is conducive to placental retention in females (Echternkamp and Gregory, 1999a; Kuźma and Kuźma, 1994; Max, 1996; Nielen et al., 1989) . To reduce the negative effects of premature births, cows expecting twins should be given proper care while monitoring the course of pregnancy and feeding diets with sufficient energy and nutrients to maintain a greater number of fetuses to term (Atashi et al., 2012; Kirkpatrick, 2002) .
Difficult births (requiring higher than normal force) and dystocia (requiring veterinary assistance) ranged from 4.31 % (single pregnancy) to 20 % (triplet pregnancy) in heifers, and from 1.67 % (single pregnancy) to 18.42 % (triplet pregnancy) in cows (Table 3) . Other authors also attribute birthing difficulties to the number of previous lactations (Gaafar et al., 2011) and number of fetuses (Gaafar et al., 2011; Gregory et al., 1990b; Kuźma and Kuźma, 1994; Sawa et al., 2012) . Kuźma and Kuźma (1994) report that pregnancy loss and premature and difficult births are twice as frequent in twin-producing cows as in cows with single pregnancies, attributing this, among other things, to a poorly balanced ration during the dry period. According to Gregory (1990b) , frequency of assistance was 35 % for twincalving cows and 23 % for single-calving cows. Gregory et al. (1996) suggests that compared to single pregnancies, calving assistance is required twice as frequently for twin pregnancies, and most complications are due to abnormal position of one or two fetuses. Similar to other authors (Echternkamp and Gregory, 1999b; Mostafa, 2009; Silva del Río et al., 2007) , we showed that multiple pregnancy contributes (p ≤ 0.01) to increased calf mortality, which was higher when calves were born of the first pregnancy. Other authors (Echternkamp and Gregory, 1999b ) also report that calf mortality following triplet births is greater than after twin births, and higher mortality is observed in twins born to primiparous cows (Berry et al., 1994; Silva del Río et al., 2007) . The increased incidence of mortality among twin-born calves may be due to lower birth weight, an earlier calving date, and calving difficulties (Gregory et al., 1996) . During the last months of twin pregnancy, cows have an increased risk of fetal death and abortion compared to normal pregnancy (Echternkamp et al., 2007; Hossein-Zadeh et al., 2008) . This phenomenon may result from inadequate ability of the placenta to supply nutrients to two or more fetuses or from hormonal abnormalities (Çobanoglu, 2010) .
When analysing the effect of the type of pregnancy (single, multiple) on the milk yield of primiparous and multiparous cows, we found a significant difference (P ≤ 0.01) only for multiparous cows. Among multiparous cows, the milk yield of dams of twins was 320 kg higher (P ≤ 0.01) than that of dams of singles, while dams of triplets had the lowest milk yield.
Other authors show varying results concerning the effect of multiple pregnancies on milk yield in the next lactation. Some studies point to favourable relationships between multiple births and milk yield (Çobanoglu, 2010) . A study from as early as 1974 showed the correlation between the incidence of twin pregnancies and milk yield to be 0.32 for the first and 0.19 for the second lactation (Bar-Anan and Bowman, 1974) . Nielen et al. (1989) reported that, during the first 100 days of lactation, cows producing multiple births yielded an average of 103 kg more milk than cows producing single births. A study of the Iranian population of HolsteinFriesian cattle (Hossein-Zadeh, 2010a) revealed that cows that have had multiple births are characterized by a higher 305-day lactation yield on average compared to cows producing single births. According to Fricke (2001) , cows producing multiple births have lower milk yields, which the author attributed to metabolic disorders that are a frequent outcome of such births. Likewise, Bicalho et al. (2007) and Mostafa (2009) demonstrated a negative effect of twin pregnancy on the cows' milk yield, which was lowest in females in which one of the twins was stillborn. In an extensive review of the literature, Skrzypek et al. (1989) concluded that the effect of multiple pregnancy on the milk yield of cows is complex and depends on satisfying the pregnant cow's nutrient requirements, the levels of estrogenic hormones, progesterone, placental lactogen and prolactin, and dry period length.
Our results demonstrate that multiple pregnancies have a considerable effect on further reproductive capacity of cows, which is consistent with the findings of other authors (Andreu-Vázquez et al., 2012; Çobanoglu, 2010; HosseinZedeh, 2010b; Max, 2011) . Analysis of fertility in primiparous and multiparous cows showed that it deteriorates after multiple births, and particularly unfavourable values of the fertility parameters were observed for triplet births. In primiparous dams of twins, the reproductive rest period was 6 days longer than in dams of single calves, and in multiparous dams it was 9 days longer. Other authors (Echternkamp and Gregory, 1999b ) also note that the period to first oestrus after calving is longer (by as much as 12 days) in cows producing twins, compared to cows with a single calf. Cows that gave multiple births require a greater number of inseminations for successful conception (Çobanoglu, 2010) . We found a similar tendency in the present study, but a statistically significant difference was only found for multiparous cows. According to Andreu-Vázquez et al. (2012) , compared to dams of single calves, females that have had multiple pregnancies are less likely to reconceive before 90 days after calving. Importantly, if cows producing a twin pregnancy reconceive, they are more likely to abort than cows producing a single pregnancy (Andreu-Vázquez et al., 2012) . Multiple pregnancies also adversely affect the length of calving interval, which was also reported by Çobanoglu (2010) . What is more, differentsex twin pregnancy increases the risk of giving birth to infertile heifers, and it is very important for a dairy herd to produce fertile heifers (Nielen et al., 1989) . Many problems associated with a previous multiple pregnancies may make females completely infertile or lead to their deaths as a result of post-parturient complications (Çobanoglu, 2010) .
Twin pregnancy (especially in heifers) and triplet pregnancy (especially in cows) decreased chance of survival until the next calving. Cows that have had multiple births are culled more frequently due to low fertility and reduced milk production (Andreu-Vázquez et al., 2012).
Cow's age, season of calving, milk production in the previous lactation, and year of first calving had a significant (P ≤ 0.01) effect on the frequency of twin and triplet births. The consequences of multiple pregnancies in PHF (Polish Holstein-Friesian) cows were considered debatable.
Dams of twins were superior to dams of singles in terms of milk yield, but a significant difference was manifest only by multiparous cows. Despite the higher perinatal mortality of the twins and triplets (especially those born to primiparous cows), multiple pregnancies resulted in a greater number of calves born compared to single pregnancy. A negative effect of multiple pregnancies was a decrease in fertility, especially in multiparous cows (e.g. calving interval was longer by 18 days, reproductive rest period by 9 days, and service period by 10 days, while services per conception increased by 0.15). Furthermore, twin pregnancy (especially in heifers) and triplet pregnancy (especially in cows) decreased chance of survival until the next calving. The increased incidence of multiple pregnancies found in 2000-2012 and associated with an increase in cows' milk production level shows that it is necessary to pay special attention to their early diagnosis. This could help reduce the negative consequences of multiple pregnancies.
